INTRODUCTION {#sec1-1}
============

Colorectal cancer (CRC) is the third most commonly diagnosed cancer and the fourth most common cause of cancer deaths worldwide, with over 1.2 million new cases each year.\[[@ref1]\] Despite the advancement of cancer therapy modalities, including surgery, radiotherapy, chemotherapy, and targeted therapy, the 5-year overall survival rate of CRC patients has not changed dramatically during the past decades.\[[@ref2][@ref3]\] The identification of novel molecular biomarkers and development of effective therapeutic strategies are needed for CRC patients.\[[@ref4][@ref5]\] Numerous molecular mechanisms may be involved in the treatment failure and poor patient prognosis.\[[@ref6]\] Recent evidence point to a relationship between the clinical outcome of patients and genetic heterogeneity within the patient's cancer cells.\[[@ref2][@ref7]\]

In the human genome sequencing project, it has been found that most of the genome is transcribed into RNAs with absent or limited protein-coding potential.\[[@ref1][@ref8]\] Mechanistic roles of noncoding RNAs (ncRNAs) have been recently demonstrated in the tumorigenesis and the development of therapeutic resistance.\[[@ref1][@ref2]\] The study of genes that produce short or long ncRNA transcripts without an apparent open reading frame has revealed that the complexity of cancer cell genetics is much higher than initially expected.\[[@ref2]\]

Long ncRNAs (lncRNAs) and microRNAs (miRNAs) are two major classes of the ncRNAs family. They have critical roles in various biological processes. At present, their diverse regulatory mechanisms in cancer cells have gained increasing attention.\[[@ref9]\] While much is known about miRNAs, little exists regarding the biology and function of lncRNAs. lncRNAs are a group of large and heterogeneous ncRNAs that regulate expression at the transcriptional and posttranscriptional level, mainly through an interaction with a variety of RNA such as miRNAs.\[[@ref2][@ref10]\] Along this line, many studies have demonstrated that miRNA-lncRNA interactions are closely linked to the occurrence and development of cancers.\[[@ref11]\]

Constant activation of nuclear factor kappa B (NF-kB) is induced by inflammatory cytokines in CRC tissues. Indeed, NF-kB is a pivotal link between CRC and inflammation, and it is found to be overexpressed in nearly all CRC tissues and cell lines.\[[@ref12][@ref13]\] The growing evidence clearly points that NF-kB interacting lncRNA (NKILA) regulates inflammation and impedes cancer cell migration by attachment to NF-kB/IkB complex and directly blocking the phosphorylation of IkB and NF-kB activation.\[[@ref14][@ref15][@ref16]\] More recently, crosstalk between NKILA and miR103/107 is demonstrated in breast cancer which was related to tumor progression. NKILA and miR103/107 inflammatory axis may also be involved in CRC cancer biology. However, the expression levels of the NKILA-miR103/107 network and its clinical significance in CRC remains elusive so far. The aim of this research was to investigate the expression level of this regulatory axis and its clinical significance as a potential biomarker in patients with CRC.

MATERIALS AND METHODS {#sec1-2}
=====================

Ethics {#sec2-1}
------

Written informed consent was obtained from each patient, and all procedures performed in studies involving human participants were in accordance with the ethical standards of the Ethics Committee of Tehran University of Medical Sciences and with the Helsinki declaration of 1975, as revised in 2000.

Selection and description of participants {#sec2-2}
-----------------------------------------

In this analytical case--control study, fresh surgical specimens of cancer tissue and adjacent nontumor tissues were obtained from 21 patients with primary CRC, who underwent surgery without preoperative treatment at the endoscopy clinic of Masood and Shariati hospital in Tehran, Iran, from May 2018 to January 2019. All enrolled patients met the following criteria for inclusion: (1) not received neoadjuvant chemoradiation, (2) histological confirmed adenocarcinoma, and (3) underwent curative R0 resection. Patients were excluded from the study if they had died or had insufficient clinicopathological data. The patients were diagnosed by pathological tests and imaging examinations.

Total RNA extraction and complementary DNA synthesis {#sec2-3}
----------------------------------------------------

Before RNA extraction, freshly harvested tissue samples were immediately placed and stabilized in 10 volumes of RNAlater^™^ solution (Qiagen, Hilden, Germany) for 1 or 4 weeks at 4°C. Total RNA was isolated with RNeasy Mini spin column procedure (QIAGEN, Hilden, Germany) according to the manufacturer's instructions. It provides fast and efficient purification of both large (\>200 nt) and small RNA species (10--200 nt) including miRNAs. The complementary DNA (cDNA) synthesis for miRNAs and lncRNAs were performed using the miScript II Reverse Transcription Kit (Qiagen, Hilden, Germany) or the PrimeScript^™^ 1^st^ strand cDNA Synthesis Kit (TaKaRa, Dalian, China) respectively, according to the manufacturer's instructions. Quantity and quality of all RNA samples were assessed by measuring OD at 260/280 nm between 1.8 and 2.0 using the Thermo Scientific^™^ NanoDrop^™^ One Spectrophotometer (Life Technologies/ThemoFisher Scientific, Hudson, NH).

Quantitative real-time polymerase chain reaction {#sec2-4}
------------------------------------------------

Quantitative real-time polymerase chain reaction (RT-PCR) analyses for lncRNA NKILA were performed using the StepOnePlus RT-PCR System (Thermo Fisher Scientific, USA) according to the following protocol: After a preliminary denaturing step at 95°C for 15 min, PCR amplification was performed for 40 cycles: 15 sec denaturing at 95°C, 20 s at 59°C as annealing temperature, and 20 sec extension at 72°C, with a final 5 min step at 72°C. Each reaction was carried out in 20 μL reactions containing 4 μL × 5 HOT FIREPol EvaGreen qPCR Mix Plus (ROX) (Solis BioDyne, Tartu, Estonia), 1 μL of each primer (final concentration 10 μM), 12 μL RNase-free water and 2 μL cDNA. Normalized expression levels were calculated using the expression of GAPDH gene as the normalization reference. Following primers were used in PCR reactions: 5'-AACCAAACCTACCCACAACG-3' (forward) and 5'-ACCACTAAGTCAATCCCAGGTG-3' (reverse) for NKILA; 5'-ATCACCATCTTCCAGGAGCGA-3' (forward) and 5'-CCTTCTCCATGGTGGTGAAGAC-3' (reverse) for GAPDH.

Real-time miRNA detection for miR103 and 107 was performed on the StepOnePlus Real-Time PCR thermocycler using miScript SYBR Green PCR Kit (Qiagen, Hilden, Germany, Cat. No: 218076), with 25 µL mixtures containing 12.5 µL of × 2 QuantiTect SYBR Green PCR Master Mix, 2.5 µL of × 10 miScript Universal primer, 2.5 µL of × 10 miScript Primer Assay for miR103 (Qiagen, Hilden, Germany, Cat. No: MS00031241) and 107 (Qiagen, Hilden, Germany, Cat. No: MS00003409), 5.5 µL of RNase-free water, and 2 µL of template cDNA. The housekeeping miRNA SNORD68 (Qiagen, Hilden, Germany, Cat. No: MS00033712) was used as the endogenous control and miR-103/107 cycle threshold (Ct) values were normalized to SNORD68 Ct values. Cycling conditions for real-time PCR were 95°C for 15 min followed by 40 cycles of 94°C for 15 s, 55°C for 30 s, and 70°C for 30 s. At the end of the 40 cycles, a melt-curve analysis was used to evaluate PCR specificity. Geometric means of Ct values of reference genes were used in the analysis. For each of the samples, Ct differences between target and reference genes were calculated and Ct values were processed using 2^−ΔΔCT^ method.

Statistical analysis {#sec2-5}
--------------------

Statistical analyses were performed by SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA), and graphs were generated using GraphPad Prism version 5.0 (GraphPad Software, Inc., San Diego, CA, USA). The Chi-square and mean comparison tests were performed to explore the associations between the NKILA-miR103-107 axis expression level and the clinicopathological characteristics. Statistical analyses were performed by comparing the Ct value of each experimental group with that of the control group by the Mann--Whitney U-test. A receiver operating characteristic (ROC) study was also performed to evaluate the prognostic value of biomarkers and to compare their predictive value. All tests were two-sided, and *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Relationship between lncRNA NKILA-miR103/107 axis expression and clinical features of colorectal cancer patients {#sec2-6}
----------------------------------------------------------------------------------------------------------------

The study consisted of 21 patients with CRC and included 10 males (47.6%) and 11 females (52.4%) with a mean age of 64.44 ± 8.03 years (range: 50--85 years) and 63 ± 8.36 years (range: 52--82 years), respectively. To explore the correlation of lncRNA NKILA-miR103/107 expression levels with clinicopathological features in CRC patients, we divided the 21 CRC patients into a high gene expression group and a low expression group according to the median value of relative gene expression. The majority of patients were in a worse histological differentiation, including 56.25% poor grade patients. miR103 expression in CRC tissues varied, and was associated with histological grade (*P* = 0.042), but was not correlated (all *P* \> 0.05) with other available clinicopathological characteristics.

LncRNA NKILA displayed an opposite expression pattern versus miR103/107 in colorectal cancer tissues {#sec2-7}
----------------------------------------------------------------------------------------------------

Here, we examined the relative expression pattern of lncRNA NKILA-miR103/107 by quantitative reverse transcription-polymerase chain reaction in a total of 21 paired CRC and matched adjacent noncancerous tissues. We found that, as shown in [Figure 1a](#F1){ref-type="fig"}, the expression level of miR103 was higher in malignant colorectal tissues compared with adjacent normal tissues (cancer tissues vs. corresponding noncancerous tissues; 2.29 ± 1.65 vs. 1.16 ± 0.64, *P* = 0.0032). The results of the present study also reveal that miR107 was upregulated in CRC tissues compared with paired nontumor tissues \[2.1 ± 1.4 vs. 1.25 ± 0.83, *P* = 0.005, [Figure 1b](#F1){ref-type="fig"}\]. Furthermore, we showed that NKILA was downregulated in CRC cancer tissues than that in matched adjacent noncancerous tissues and displayed an opposite expression pattern versus miR103/107, but it was not statistically significant \[3.69 ± 5.2 vs. 4.35 ± 5.99, *P* \> 0.05, [Figure 2](#F2){ref-type="fig"}\].

![miR103 (a) and miR107 (b) are upregulated in colorectal cancer. Relative miR103/107 expression levels in 21 paired colorectal cancer tissues and adjacent nontumor tissues was assessed by quantitative reverse transcription polymerase chain reaction analysis. Small nucleolar RNA, C/D box 68 (SNORD68) was used as an internal control. The data represents the mean ± standard error of the mean](JRMS-25-41-g001){#F1}

![Expression of long noncoding RNA (lncRNA) NKILA in colorectal cancer tissues. Relative expression of NKILA was determined by quantitative reverse transcription polymerase chain reaction analysis. GAPDH was used as an internal control. The data represents the mean ± standard error of the mean (*P* \< 0.05)](JRMS-25-41-g002){#F2}

Receiver operating characteristic curves of single tumor markers in colorectal cancer patients {#sec2-8}
----------------------------------------------------------------------------------------------

We analyzed the ROC curves of tissue miR103, miR107, and NKILA in CRC patients \[[Figure 3](#F3){ref-type="fig"}\]. The miR103 area under curve (AUC) was 0.723, with 95% confidence interval (CI) 0.545--0.901 (*P* = 0. 026). The miR107 AUC was 0.720 (95% CI 0.547--0.892, *P* = 0. 029) and the NKILA AUC was 0.564 (95% CI 0. 367--0. 761, *P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. When the cutoff value for miR103 was determined by the maximum value of the Youden index, the sensitivity and specificity for were 71.1% and 77.2%, respectively. When the cutoff value for miR107 was selected, the sensitivity and specificity for miR107 were 53.1% and 88.2%, respectively. The ROC curve demonstrated that miR103 had the best diagnostic ability performance with the highest AUC. miR107 seemed to be inferior to miR103 in sensitivity and AUC when detecting CRC; however, its specificity was all the highest among the three markers.

![Receiver operating characteristic curve analysis of mucosal gene expression of lncRNA NKILA‐miR103-miR107 axis in patients with colorectal cancer](JRMS-25-41-g003){#F3}

###### 

Comparison of average receiver operating characteristic curves

  Variables   Area    Significant\*   Confidence interval 95%   
  ----------- ------- --------------- ------------------------- -------
  NKILA       0.564   0.524           0.367                     0.761
  miR103      0.723   0.026           0.545                     0.901
  miR107      0.720   0.029           0.547                     0.892

NKILA=NF-kB interacting long ncRNA, \*Significant: *P* \<0.05

DISCUSSION {#sec1-4}
==========

Inflammation is demonstrated to be one of the main predisposing factors of CRC.\[[@ref7][@ref17]\] Pro-inflammatory pathways, including NF-kB, IL-6/STAT3, and IL-23/Th17, induce tumorigenesis by prompting the production of inflammatory mediators, upregulating the expression levels of antiapoptotic proteins, and stimulating cell proliferation as well as epithelial-to-mesenchymal transition (EMT).\[[@ref18]\]

Accumulating evidence suggest lncRNA-miRNA pairs have the ability to interact with proteins, especially critical signaling pathway transcription factors that promote cancer growth.\[[@ref14][@ref19]\] Little is known about the noncoding RNA signaling networks involved in cancer initiation and progression.\[[@ref18][@ref20][@ref21]\] The identification of functional interactions among miRNAs and lncRNAs is valuable for understanding RNA signaling networks involved in cancer development.\[[@ref22]\] Numerous miRNAs have been found to play important regulatory roles in either promoting or suppressing cancer progression.\[[@ref23][@ref24]\] In a previous study, cytoplasmic miR103/107 have been shown to promote metastasis of CRC by targeting the metastasis suppressors DAPK and KLF4 for degradation.\[[@ref25]\] On the other hand, profiling of the high-metastatic breast cancer cells demonstrated that NKILA is one of the most downregulated lncRNA in cancer metastasis\[[@ref26]\] and higher expression of miR103/107 was found to increase cancer cell proliferation/survival and induce tumor metastasis through the targeted degradation of NKILA in breast cancer.\[[@ref26][@ref27]\] In breast cancer, NKILA has been recently shown to be regulated by specific miRNAs especially miR103 and miR107 and its expression level was much lower in high-metastatic than low-metastatic cancer cells.\[[@ref26]\] Here, we investigated the expression levels of NKILA-miR103-miR107 regulatory axis in patients with CRC. We found that miR103/107 display an opposite expression pattern versus NKILA, in such a way that miR103/107 are dramatically upregulated and NKILA expression is decreased in CRC tissues compared with adjacent nontumor tissues. The novel identified relationship can be critical for the formation of tumor and proposes a new role for miR103/107 in the regulation and function of NKILA in human colon cancer.

Recently, several lncRNA-miRNA networks have been documented to promote tumor progression and metastasis through different mechanisms. Accumulating evidence suggest that the best-characterized functional mechanism of lncRNA-miRNA interaction is by competing endogenous RNAs (ceRNAs). In this regard, lncRNAs could function as miRNA sponges, reducing their regulatory influence on mRNAs. On the other hand, miRNAs can regulate lncRNAs by targeting them for degradation through the RNA-induced silencing complex,\[[@ref28]\] known as "miRNA-triggered lncRNA decay."\[[@ref22]\] This biological process adds another layer of complexity in the miRNA--target interaction network.\[[@ref29]\] Along this line, a recent study by Liu *et al*. have identified that negative regulation of NKILA by miR103/107 is necessary for breast cancer toumorogenesis.\[[@ref26]\] NKILA expression was significantly increased in miR103/107 knockout cancerous cells and was dropped sharply after overexpression of miR103/107, showing that decreased NKILA expression releases suppression of cancer stem cells and leads to higher tumorigenicity. Mechanistic studies revealed the potential mechanism of action for NKILA-target network, as NKILA directly interact with the transcription factor NF-κB by inhibiting the IKK phosphorylating sites of IkB as well as the induction of EMT process.\[[@ref26][@ref30]\] NKILA may be a potential downstream target of miR103/107 in cancer cells as recent evidence have shown that miR103/107 physically interacts with NKILA and reduces the expression level of NKILA in breast cancer cells.\[[@ref26]\] These results as well as our findings of opposite expression levels of NKILA and miR103/107 in colon cancer tissues compared to healthy colon tissues indicate that NKILA-miR103/107 regulatory axis is involved in CRC progression.

In the present study, we compared the ROC curves of the three tumor markers, NKILA, miR103, and miR107, in patients with CRC. miR103 seemed to be the best in its predictive efficacy, with the highest sensitivity and AUC of the three. However, the specificity of miR103 was low, which resulted in a false-positive rate being too high. miR103 was recently proved to have a diagnostic value and function as a prometastatic miRNA in CRC.\[[@ref31][@ref32]\] Similarly, we found its diagnostic value in CRC. miR107 appeared to be inferior to miR103 in sensitivity and AUC average when detecting CRC; however, its specificity was higher than the other two markers. Further studies are needed to evaluate the potential of other cancer-related miRNA-lncRNA networks as a valuable biomarker of the progression and the prognosis in CRC.

CONCLUSION {#sec1-5}
==========

We studied NF-kB interacting lncRNA (NKILA)-miR103-miR107 regulatory axis in patients with CRC and its contributions to tumor development. Our results suggest that NKILA may be considered as a new potential downstream regulator of miR103/107 in CRC, where recent evidence have shown that miR103/107 physically interact with NKILA and reduce the expression level of NKILA in cancer tissue. In addition, miR103/107 were found to have a diagnostic value in CRC patients and may act as proper biomarkers due to their abundance and stability. The development of miR103/107-based therapeutic strategies for the upregulation of NKILA may provide a new and promising alternative therapeutic approach for colon treatment.
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